The aims of this study were to compare the effect of bubble-positive expiratory pressure with a commercial positive expiratory pressure device and standardised physiotherapy in patients with an acute exacerbation of chronic obstructive pulmonary disease, and to assess the feasibility of inpatient research methods. Patients admitted to a medical ward at Middlemore Hospital, Auckland, New Zealand, with an acute exacerbation of chronic obstructive pulmonary disease were randomly assigned to a treatment group. Participants undertook one supervised treatment, then independently completed two further sessions. Participants' symptoms and ease of sputum expectoration were measured using the Breathlessness, Cough and Sputum Scale. Health-related quality of life and length of hospital stay were also recorded. Only eleven participants were recruited, over ten months. The study was, therefore, underpowered to show differences in end points. Useful findings were uncovered relating to the feasibility of the protocol. Limitations to the recruitment process were identified, including staffing issues and the assessment schedule. Findings from this study will enable revision of the study protocol to allow a modified trial to be performed in the future. B, Jepsen N, Coulter K, Wong C, Zeng I (2016) Challenges of undertaking a clinical trial using bubble-PEP in an acute exacerbation of chronic obstructive pulmonary disease: A feasibility study.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a respiratory disorder identified by persistent, progressive airflow limitation that is not fully reversible (Global Initiative for Chronic Obstructive Lung Disease 2016 , McKenzie et al 2003 . Individuals diagnosed with COPD present with chronic, progressive breathlessness, cough, and often sputum production (Seemungal et al 1998) . Mucus hypersecretion, ciliary dysfunction, obstruction of airways and loss of elastic recoil of the lungs in COPD impair natural airway clearance (Kim et al 1987 , Pryor 1991 . Reduced secretion clearance is associated with increased frequency of COPD exacerbations, which are a major cause of hospital admissions and may result in premature death (MacIntyre and Huang 2008) . There is limited goodquality evidence for the effectiveness of airway clearance treatments in an acute exacerbation of COPD (AECOPD) (Osadnik et al 2012) .
Positive expiratory pressure (PEP) is a form of airway clearance. It splints the airways open on expiration, allowing greater movement of air and more effective sputum movement (Kim et al 1987) . In the presence of sputum plugging, PEP allows an increased volume of air to accumulate behind the sputum via collateral ventilation, moving sputum centrally towards larger airways to aid expectoration (Holland and Button 2006) . It has been found to be an effective form of airway clearance for people with COPD (Ides et al 2011) . Commercial PEP devices are expensive, costing between NZ$40-160; however, an alternative form of PEP that is inexpensive (costing less than $2 to make) and is used by some New Zealand and Australian physiotherapists to manage secretion clearance in COPD, is bubble-PEP (Lee et al 2008 , Miller et al 2005 . Bubble-PEP is an easily constructed device consisting of a bottle, part-filled with water, and a piece of tubing, through which the patient exhales to create bubbles in the water (Mestriner et al 2009) . Despite bubble-PEP being commonly used, there is limited evidence assessing the effectiveness of this particular device for use in secretion clearance in the COPD population (Miller et al 2005) . This paper reports a clinician-led feasibility study to investigate the effects of bubble-PEP.
Recruitment problems are common in clinical trials (McDonald et al 2006 , Osadnik et al 2012 , Seemungal et al 1998 , Su et al 2007 . It is estimated that less than a third of randomised controlled trials successfully achieve their recruitment target in the given time, and 50% of trials extend recruitment time in order to achieve their target (McDonald et al 2006 , Osadnik et al 2012 . Clinician-led research brings its own challenges, adding to the complexity of conducting research in the clinical setting. Clinicians undertaking research often lack the time to focus on research, have demanding clinical responsibilities and do not have adequate support staff to carry out a trial (Treweek et al 2013) . Many clinician-researchers perceive a conflict between the two roles and do not feel they have adequate training to take on the role of the researcher (Rahman et al 2011) . Our study confronted these challenges while undertaking an inpatient clinical trial.
The aims of this feasibility study were firstly, to compare the effect of bubble-PEP with TheraPEP® (a type of commercially available PEP, registered trademark of Smiths Medical) and standardised physiotherapy in patients with an AECOPD, and also to assess satisfaction with the intervention and feasibility of recruitment. This paper reports the methods employed and difficulties encountered when undertaking this clinical trial, including issues around participant recruitment, interventions, assessment scheduling and choice of outcome measures. This discussion may inform the development of a future study.
METHODS

Design
This was a single-centre, single-blinded, parallel group trial with adult patients admitted to Middlemore Hospital with an AECOPD with sputum production. The trial received approval from the Health and Disability Ethics Committee (reference number 13/NTA/81) and the Counties Manukau District Health Board Research Committee. It was registered with the Australia New Zealand Clinical Trials Registry, with the Universal Trial Number U1111-1142-1941.
The process for assessment and intervention is outlined in Figure 1 . Potential participants were identified via the Ward Information Management System (trademark of PimsProduction) by physiotherapists working Monday to Friday on the medical wards. Participants were assessed by the first researcher, who was blinded to the intervention, within 24 hours of admission. Baseline outcome measures are listed in Figure 1 and further described later in this paper. Participants were randomly allocated to one of three treatment groups -1) bubble-PEP, 2) TheraPEP® or 3) standardised physiotherapy. Participants received one supervised treatment (supervised by the second researcher) on day one and were reassessed 30 minutes later, using the same outcome measures, by the first researcher. Participants then completed two further independent treatment sessions on day one and completed a diary to document the time and effectiveness of treatment, using outcome measures listed in Figure 1 . On day two, participants were reassessed on baseline outcome measures by the first researcher. The second researcher assessed the participant's ability to perform the treatment and collected the diary, and the participant completed the participant satisfaction questionnaire. • Exacerbation with reported sputum, based on GOLD (Global Initiative for Chronic Obstructive Lung Disease 2010) definition: "An event in the natural course of the disease characterised by a change in the patient's baseline dyspnoea, cough and/or sputum that is beyond normal day-to-day variations, is acute in onset, and may warrant a change in regular medication in a patient with underlying COPD" (p 64).
Participants
• Able to speak and read English.
• Informed consent to participate in research.
Patients were excluded if they:
• Were unable to complete questionnaires or actively participate in treatment for any other reason.
• Had regularly used any form of PEP at home.
• Were currently receiving bi-level positive airway pressure treatment (as they were already receiving a form of positive pressure).
• Had any contraindications to PEP, for example risk of barotrauma, undrained pneumothorax (American Association for Respiratory Care 1993).
• Had any contraindications to airway clearance techniques, for example active haemoptysis (American Association for Respiratory Care 1993).
• Had been recruited to the trial on a previous admission.
• Had a diagnosis of bronchiectasis, confirmed on high resolution computed tomography, or a highly suspected clinical diagnosis.
The process of recruitment and exclusion is outlined in Figure 2 . Eligible participants were randomised using computer-generated treatment codes, which were placed in a sealed envelope and opened prior to the intervention by the second researcher.
Intervention
Three secretion clearance techniques were carried out with participants in the intervention groups: bubble-PEP, TheraPEP® or the active cycle of breathing technique (ACBT) (Pryor 1991) as the standardised physiotherapy intervention. Each session consisted of three sets of the allocated intervention, with a five minute rest between sets. Participants were provided with a written instruction sheet for their intervention. All groups also received education regarding inhaler use and physical activity, and mobility was assessed as required.
The bubble-PEP intervention was carried out using a homemade bubble-PEP device constructed according to the recommendations outlined by Mestriner et al (2009) . The bottle was part-filled with 10cm of water to give 10cmH 2 O pressure. A photo of the device is presented in Figure 3 . The device was set up in front of the participant on a table, and they were instructed to:
1. Seal their lips around the tubing and exhale with a little force for three seconds to create bubbles.
2. Repeat this for 10 breaths.
Perform two huffs (forced expiratory techniquedemonstration was given).
4. Cough.
Repeat steps 1-4 twice more, with a 5 minute rest in between sets.
Figure 3. Set-up of bubble-PEP device
The TheraPEP® intervention was carried out as per the manufacturer's instructions, with the participant sitting upright with elbows resting on a table, holding the device in front of them. The participant was instructed to:
1. Seal their lips around the mouth piece and exhale with a little force for three seconds, so the blue disc rises to between the lower and upper black line. Hold at that pressure for a count of three.
3. If it is too easy to reach the top line, increase the resistance.
4. Perform two huffs (forced expiratory techniquedemonstration was given).
5. Cough.
6. Repeat steps 1-4 twice more, with a 5 minute rest in between sets.
ACBT, the standardised physiotherapy intervention, was carried out with participants sitting upright. They were instructed to perform:
1. Three slow deep breaths in through their nose.
2. Three relaxed breaths.
3. Three more slow deep breaths.
4. Three relaxed breaths.
Two huffs (forced expiratory technique -demonstration was given).
6. One cough.
7. Repeat steps 1-6 twice more, with a 5 minute rest in between sets.
Primary outcome measure Breathlessness, Cough and Sputum Scale (BCSS)
The BCSS is a valid and reliable outcome measure that is responsive to change in people with COPD (Leidy et al 2003a) . While it has not been specifically validated in an inpatient population, it has been shown to identify symptomatic improvements in an AECOPD (Leidy et al 2003a) .
Secondary outcome measures
Length of stay Length of stay was recorded in hours from the Patient Information Management System (trademark of PimsProduction), from the time of admission until the time the participant left the medical ward.
Visual analogue scale
The visual analogue scale is a 10cm horizontal line with 'Very Easy' marked on the left and 'Impossible' on the right. Participants were asked to "please mark on the line how easy you found it to cough up your sputum". The point at which the participant's mark intersects the horizontal line was measured in millimetres from the left of the line.
Spirometry
Spirometry was completed by one researcher using a Microlab™ spirometer, registered trademark of CareFusion Corporation.
The spirometer was calibrated weekly. A standardised instruction sheet, meeting American Thoracic Society and European Respiratory Society standards, was followed (Miller et al 2005) .
At each assessment session, three good quality blows were completed and the FEV 1 and FVC from the best blow were recorded.
Health-related quality of life -COPD Assessment Test™ (CAT™)
The CAT™, registered trademark of GlaxoSmithKline, is a simple, valid and reliable questionnaire for assessing the impact of COPD on quality of life that is strongly correlated with other respiratory-specific quality of life questionnaires (Jones et al 2009) . It is recommended for use in clinical trials to assess the ability of interventions to reduce exacerbation severity (Mackay et al 2012) .
Participant satisfaction survey
This survey was created and trialled specifically for use in this study. It contains items on ease of performing the intervention, how effective participants felt their intervention was and reasons for not completing the treatment as prescribed. This gave an indication of compliance and perceived benefits of the three different treatment options.
Ability to perform treatment
Participants were observed performing the treatment intervention on day two by the second researcher. Participants' ability to perform the treatment was assessed using a visual analogue scale to score their positioning, technique and their ability to follow the written instructions given for the treatment.
This provided useful information for the researchers to assess how easily participants could follow the given instructions.
Sample size
Based on studies by Leidy et al (Leidy et al 2003a , Leidy et al 2003b , the mean (standard deviation) for the BCSS total scores for patients with COPD is reported to be 5.2 (2), and a decrease of greater than 1 point indicates a substantial symptomatic improvement. A power calculation determined that a sample size of 75 (25 in each arm, allowing for a possible 5% withdrawal rate) would be sufficient to detect a significant difference of 2 points in the BCSS between the active arms and standard care, with a 90% statistical power.
Statistical analysis
The continuous variables were presented as either mean and standard deviation, or median and inter-quartile range for the three randomised participant groups. The categorical variables were summarised as frequencies and percentages for each group.
RESULTS
Approximately 1085 patients were admitted to the hospital with an AECOPD during the 10 month recruitment period (extended from the expected 7 months), including weekend admissions. Of the 132 patients screened, 36 (27%) met the inclusion criteria and 11 (8%) consented to participate in the study. Reasons for exclusion are documented in Figure 2 . One participant who was successfully recruited was discharged before undertaking the second day's assessment and treatment sessions and was subsequently lost to follow-up. The other ten participants participated in all assessment and treatment sessions. These results provide estimates of eligibility rate (27%), decline rate (33%) and attrition rate (9%). Recruitment was ceased after 10 months because of difficulty in recruiting, and researchers leaving the organisation.
Characteristics of participants and groups
A total of eleven participants were recruited. Nine out of eleven participants were male, and most were of New Zealand European ethnicity. COPD severity was similar across groups. All groups had an average FEV 1 of between 30 and 50% predicted, which indicates severe COPD (Global Initiative for Chronic Obstructive Lung Disease 2016). Health-related quality of life scores were similar across groups, as shown by the CAT™. A full outline of participant characteristics is shown in Table 1 .
There were no adverse effects experienced by any of the participants during the study. Scores for all outcome measures for each of the three groups are presented in Table 2 . On statistical analysis, no significant differences were detected. Findings of this study show that participants found it easy to perform all treatment interventions. Of the participants who completed the scheduled follow up, all participants in the bubble-PEP group found the treatment worthwhile. In the standardised physiotherapy care group, two participants did not think the treatment was worthwhile and one was neutral about this. In the TheraPEP® group, half of participants thought the treatment was worthwhile and half did not.
DISCUSSION
Bubble-PEP is widely used by physiotherapy practitioners in New Zealand and Australia as a secretion clearance technique, yet there is little evidence to support its efficacy (Lee et al 2008 , Miller et al 2005 . Other PEP devices, such as TheraPEP®, have been investigated and found to be useful, but expensive, adjuncts to standard physiotherapy (Ides et al 2011 , Su et al 2007 . While this study set out to investigate the efficacy of such techniques, several barriers limited recruitment, resulting in a small sample and an insufficiently powered study, hence few conclusions relating to the investigated outcome measures could be made. Lessons were learnt regarding the methods used in this study; these feasibility issues will need to be addressed to enable a fully powered study to be completed.
Feasibility of recruitment
This study recruited eleven participants over ten months -1% of total COPD admissions to the medical wards at Middlemore Hospital over this period, and only 15% of the recruitment target. Recruitment difficulties are common in clinical trials, for many reasons, including patient eligibility, patients declining to participate and staffing (McDonald et al 2006) .
Patient eligibility was a significant problem in the present trial. Many trials find fewer eligible participants than were expected before initiation of the trial (McDonald et al 2006) . In this trial, the most common reasons patients were excluded from participating in the study were a comorbid diagnosis of bronchiectasis and being unable to complete questionnaires due to language or other difficulties. Only 12 eligible patients declined to participate. A flow chart indicating reasons participants were excluded is provided in Figure 2 .
Inadequate staffing and poor allocation of dedicated research time are common barriers to clinician-led research (Rahman et al 2011) . The push for productive patient care often impedes research activity in the clinical setting, and staffing problems, funding limitations and investigators leaving the facility are common reasons that research projects are not completed in Allied Health departments (Bailes and Baldwin 1995) . Significant staffing limitations hindered recruitment to this study, which affected the ability to screen and recruit potential participants. Only 12% of all patients admitted to the hospital with an AECOPD were screened for inclusion. There were four months in which no participants were screened or recruited due to staffing limitations in the wider physiotherapy team, meaning the researchers had to prioritise clinical work over research to ensure adequate patient care. While grant funding was available to fill the clinical roles of the researcher-physiotherapists, their positions were unable to be filled and the clinical physiotherapy team was understaffed during much of the trial period. As well as this, the two lead researchers left the organisation during the extended recruitment period of the study; this was one of the reasons for discontinuing the study. The assessors worked a standard (5 days/week) working week during the time of recruitment. Recruitment was limited to week days to reduce the number of assessors involved and to avoid penal rates for weekend work. Some potentially eligible participants were therefore not recruited as they were admitted over the weekend.
Having a dedicated research team and a longer recruitment period would have ameliorated the above limitations. A research team would be able to approach a greater proportion of patients admitted with an AECOPD, improving the likelihood that an adequate sample could be recruited. Earlier recruitment of participants would also be possible, ensuring that all interventions are undertaken in a timely manner prior to discharge. Researchers working with similar beliefs and attitudes are likely to initiate research and work collaboratively to conduct quality research (Janssen et al 2013) . Partnership with a university may be an effective way to conduct clinical research, using an established research team and experienced researchers, who have the resources and skills to assist clinicians to initiate, develop and carry out a research project.
Rahman et al (2011) identify organisational culture as a barrier to clinician-led research. Many clinicians are keen to engage in research, but are not given the time or support from their organisation to do so. Dedicated research teams require adequate funding and support from organisations involved. This must start from within the team -when senior clinicians and managers are involved in research, junior clinicians are likely to follow, helping to build an organisational culture that values research (Janssen et al 2013) . Organisations must embrace the potential benefits of clinician-led research to clinicians, patients and the organisation and encourage clinicians to engage in research (Rahman et al 2011) .
A multi-centre trial may increase the number of participants eligible for enrolment in the study and would improve the generalisability of findings (Cooley et al 2003, Gul and Ali 2010) . Multi-centre trials do, however, have associated disadvantages, such as cost, difficulty maintaining research integrity and cooperation of research teams across sites (Cooley et al 2003) . Alternatively, sampling from an outpatient population could aid recruitment of appropriate participants.
Another limitation to recruitment was the reduced sputum load of patients admitted to the medical wards over one winter. Sputum production is not always a clinical feature of COPD -the prevalence of chronic cough and sputum production (chronic bronchitis) has been reported to be between 14 -35% in people with COPD (de Oca et al 2012 , Kim et al 2011 , Lu et al 2010 , Munro and Bloor 2010 . Patients with a dry cough were not recruited to the study because they did not require therapy for secretion clearance. Expanding the participant group to include those with bronchiectasis would increase the number of potential participants for recruitment.
Feasibility of the intervention
All interventions were performed and tolerated well by participants. Of the three techniques, ACBT (standardised physiotherapy) can be taught and performed by people at home free of cost, whereas PEP requires some equipment -bubble-PEP is inexpensive, while TheraPEP® is more costly. In the current economic climate, cost-effective therapy options are important for the maintenance of hospital physiotherapy services. As well as this, for the population involved in this study, cost is a barrier to participation in therapy. For these reasons, ACBT and bubble-PEP would be the most feasible options for secretion clearance interventions in hospital and community settings.
Feasibility of the assessment schedule
This study protocol required participants to take part in assessment and treatment on two consecutive days. There were several limitations to this schedule. Firstly, timing three sessions (assessment, treatment and reassessment) on one day was difficult for the assessors, who were also working as clinicians, managing acute case-loads on the medical wards. Secondly, in order for participants to have enough time to complete their assigned treatment three times on the first day, assessments needed to be completed on the morning of that day, adding further pressure to the assessors' scheduling challenges. Lastly, several patients were unable to be recruited as they were preparing for discharge, so would be unable to complete reassessment on day two. Middlemore Hospital has the lowest average length of stay for COPD patients in Australasia; those patients admitted to Middlemore Hospital with an AECOPD during the study's recruitment period had an average length of stay of just 3.6 days. One participant was lost to followup due to being unexpectedly discharged before completing reassessment.
Choice of outcome measures
Identification of specific, sensitive, valid and reliable outcome measures to assess short-term responses to therapy is a challenge, as demonstrated by this study. There is no goldstandard outcome measure to assess effective secretion clearance. Spirometry was the only objective measure used, which is the internationally accepted tool for diagnosing COPD (McKenzie et al 2003) . It is widely used to assess severity of COPD, but is insensitive to sputum transport and the efficiency of secretion clearance techniques (van der Schans 2002).
While the questionnaires used in this study were appropriate, valid and specific outcome measures for identifying symptoms of COPD, the use of questionnaires presented a barrier to recruitment. The Counties Manukau population is multi-cultural; many potentially eligible participants did not speak English and were unable to accurately fill in English questionnaires. Translations of the questionnaires have not been validated, so these patients were excluded from the study. If questionnaires were translated and assessed to have adequate validity, the use of these questionnaires would allow for greater participation from a wider range of the population.
The nature of the inpatient population presents another difficulty with using questionnaires. Those considered for inclusion in the study were predominantly older adults, some of whom reported they found reading and writing challenging due to poor eyesight or dexterity. Some people were therefore excluded because they would not be able to accurately fill in the questionnaires or diary. If the outcome measures were validated to be read out by the researcher then this would also allow for greater participation.
Assessment findings
This study was not sufficiently powered to detect differences between groups. The sample size required to fulfil the power calculation was 75; this number would only be achievable in a multi-centre trial, or with a dedicated research team who were not juggling clinical duties as well as research.
CONCLUSION
This study highlighted several unforeseen challenges in the recruitment and assessment process. Undertaking a clinicianled clinical trial in an inpatient population proved difficult, because of the challenges experienced by clinician-researchers in recruiting participants and efficiently carrying out the intervention and assessment. This study suggests that further research investigating the effectiveness of PEP as a secretion clearance technique would be useful, if changes are made to the research protocol. Validation of translated questionnaires will be imperative to aid recruitment. Further investigation of the study population prior to initiation of the trial will also help to set realistic timeframes for recruitment targets.
When undertaking research in the acute medical ward environment, flexibility is required in order to recruit and carry out interventions in a comprehensive and timely manner. It would be more efficient to have a dedicated team of researchers with dedicated research time, who are not simultaneously managing clinical work. Alternatively, a larger group of physiotherapists could each dedicate some time to research, as long as research is prioritised above other competing interests. The challenges faced by clinician-researchers must be recognised; organisations must support and value clinicianled research in order to promote evidence-based health care practice.
KEY POINTS
1. Bubble-PEP is performed easily and is enjoyed by participants, though there is little firm evidence to support its efficacy.
2. The challenges of managing research and clinical workloads simultaneously limited our ability to efficiently recruit participants to this study.
3. A dedicated research team is necessary to carry out an adequately powered study in the COPD population.
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